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Azetidinonc 
compounds of formula 
(I) in which inter alia: 
R<> is CR'*R-*^-X'-Y» or 
(CH2)pX2(CH2)qY2; R'* 
and R^ which may be the 
same or different is each 
selected from hydrogen and 
C(|.6)alky». or R^ and R^ 

may be linked together to form the residue of a C(3-7)cycloalkyl ring; X* is a linker group and Y' is optionally substituted C(|.|2)alkyl 
Ct2.i2)alkynyl. Q2,i2)alkynyl, C(3.7)-cycloalkyIC(|.8) alkyi or an optionally substituted hctcroaryl group; and is a hctcroaryl group and 
Y^ is an optionally substituted aryl group, p is an integer from I to 6, q is 0 or an integer from 1 to 6; are inhibitors of the phospholipase 
A2 enzyme Lp PLA2 and are of use in therapy, for instance in treating atherosclerosis. 
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AZETIDINONE COMPOUNDS FOR THE TREATEMENT OF ATHEROSCLEROSIS. 



The present invention relates to certain novel monocyclic p-lactam 
compounds, processes for their preparation, intermediates useful in their preparation, 
5 pharmaceutical compositions containing them and their use in therapy, in particular in 
the treatment of atherosclerosis. 

WO 95/00649 (SmithKline Beecham pic) describe the phospholipase A2 
enzyme Lipoprotein Associated Phospholipase A2 (Lp-PLA2), the sequence, isolation 
and purification thereof, isolated nucleic acids encoding the enzyme, and recombinant 

10 host cells transfonned with DNA encoding the enzyme. Suggested therapeutic uses 
for inhibitors of the enzyme included atherosclerosis, diabetes, rheumatoid arthritis, 
stroke, myocardial infarction* reperfuston injury and acute and chronic inflammation. 
A subsequent publication from the same group further describes this enzyme (Tew D 
et aL Arteriosclcr Thromb Vas Biol 1996:16:59 1-9) wherein it is referred to as 

1 5 LDL-PLA2. A later patent application (WO 95/0992 1 , Icos Corporation) and a 

related publication in Nature (Tjoelker et al. vol 374, 6 April 1995. 549) describe the 
enzyme PAF-AH which has essentially the same sequence as Lp-PLA2 and suggest 
that it may have potential as a therapuetic protein for regulating pathological 
inflammatory events. 

20 It has been shown that Lp-PLA2 is responsible for the conversion of 

phosphatidylcholine to lysophosphatidylcholine, during the conversion of low density 
lipoprotein (LDL) to its oxidised form. The enzyme is known to hydrolyse the sh-2 
ester of the oxidised phosphatidylcholine to give lysophosphatidylcholine and an 
oxidativeiy modified fatty acid. Both products of Lp-PLAo action are biologically 

25 active with lysophosphatidylcholine, a component of oxidised LDL« known to be a 
potent chemoattractant for circulating monocytes. As such, lysophosphatidylcholine 
is thought play a significant role in atherosclerosis by being responsible for the ~ 
accumulation of cells loaded with cholesterol ester in the arteries. Inhibition of the 
Lp-PLA2 enzyme would therefore be expected to stop the build up of these 

30 macrophage enriched lesions (by inhibition of the formation of 

lysophosphatidylcholine and oxidised free fatty acids) and so be useful in the 
treaunent of atherosclerosis. ; 

The increased lysophosphatidylcholine content of oxidativeiy modified LDL 
is also thought to be responsible for the endothelial dysfunction observed in pauents 

35 with atherosclerosis. Inhibitors of Lp-PLA2 could therefore prove beneficial in the 
treaunent of this phenomenon. An Lp-PLA2 inhibitor could also find utility in other 
disease states that exhibit endothelial dysfunction including diabetes, hypertension, 
angina pectoris and afu^r ischaemia and reperfusion. 
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In addition, Lp-PLA2 inhibitors may also have a general application in any 
disorder that involves activated monocytes, macrophages or lymphocytes, as all of 
these cell types express Lp-PLA2- Examples of such disorders include psoriasis. 

Furthermore. Lp-PLA2 inhibitors may also have a general application in any 
5 disorder that involves lipid peroxidation in conjunction with Lp-PLA2 activity to 
produce the two injurious products, lysophosphatidylcholine and oxidatively modified 
fatty acids. Such conditions include the aforementioned conditions atherosclerosis, 
diabetes, rheumatoid arthrids. stroke, myocardial infarction, reperfusion injury and 
acute and chronic inflammation. Further such conditions include various 
10 neuropsychiauic disorders such as schizophrenia (see Psychophaimacology Bulletin. 
31. 159-165. 1995). 

International patent applications WO 96/13484, WO 96/1945 1 and PCX 
EP96/02765 (SmithKline Beecham pic) describe a series of azetidinone derivatives 
which are inhibitors of Lp PLA2. 
15 We have how identified a further series of azetidinone compounds which are 

distinguished oyer pirevidtis series by the substituent at the ring niu^ogen and which 
act as inhibitor$ of Lp^PLA2. 

Accordingly, the present invention provides a compdond of formula (I): 



20 a) 

in which: 

rO is CR^r5-x1-Y1. CR4r5.x2.y2, or (CH2)pX3(CH2)qY3; 
R^ and R^, which may be the same or different, is each selected from hydrogen, 
halogen or C(i.g)alkyl; 
25 R^ and R^ which may be the same or different is each selected from hydrogen and 
C( i.6)^ylt or R"* and R^ may be linked together to form the residue of a €(3.7) 
cycloalkyl ring; 

XUs a linker group and is optionally substituted C(i.i2)alkyl C(2-i2)alkenyl. 

C(2.i2)alkyny^ C(3.7)-cycloalkylC(i,8) alkyl; 
30 X2 is a linker group and Y^ an optionally substituted heteroaryl group; 

X^ is a heteroaryl group and Y^ is an optionally substituted aryl group, p is an integer 
from I to 6, q is 0 or an an integer from 1 to 6; 

Z is O and R^ is C( i.g)alkyl. arylC(i.4)alkyl or aryl each of which may be optionally 
substituted, or 
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Z is S(0)n in which n is 0. 1 or 2 and is C(|.8)alkyL C(3.8)Cycloalkyl, 
C(3-8)^y^^^^y^C(l-6)^yJ» arylC(i.4)aIkyl or heU5roarylC(i.4)alkyl each of 
which may be optionally substituted. 

Compounds of formula (I) are inhibitors of Lp-PLA2 and as such are 

5 expected to be of use in treating atherosclerosis and the other disease conditions noted 
elsewhere. 

Representative examples of R^ and r2 include hydrogen, bromo, methyl and 
ethyl. Suitably. and r2 is each hydrogen or one of R ^ and R^ is hydrogen and the 
other of R* and r2 is methyl (to give a /rorw- methyl). Preferably. and r2 is each 
10 hydrogen. 

Representative examples of C(i.g)alJcyl for R^ include methyl, n-butyl, t- 
butyl and n-hexyl. cyclohexyl and cyclohexylmethyl. suitably methyl, n-butyl. t-butyl 
or n-hexyl. Suitable substituents for the alkyl or cycloalkyl group include halo, 
hydroxy and carboxy and esters thereof 

15 Representative examples of arylC(i^)alkyl for R^ include arylC( i.3)alkyl, 

preferably arylCH2. Representative examples of the aryl group include phenyl and 
naphthyl. preferably phenyl. Suitable examples include benzyl. 2-phenylethyl and 
3*phenylpropyl in each of which the phenyl ring may b& optionally substituted by up 
to two substituents. Suitable substituents include halo, hydroxy. C( i.5)allcyl. 

20 C(i.6)alkoxy. arylC(i.6)alkoxy. carboxy and esiers thereof. (Ci-6)alkylthio, 
(Ci.6)alkylsulphinyl, and (Ci.5)alkylsulphonyl. 

Representative examples of aryl for r3 include phenyl and naphthyl. 
Preferably, the aryl group is optionally substitued phenyl. Suitable substituents for a 
phenyl or naphthyl ring include halo, hydroxy. C(i.5)alkyl. C(i.6)alkoxy, 

25 arylC(i.6)alkoxy, carboxy and esters thereof. (Ci-6)^yl^io» (Ci.6)alkyisulphinyl. 
and (C|.5)alkylsulphonyl. 

Representative examples of heteroaryi group for incorporation into r3" 
include include pyridyl, pyridyl N-oxide. fuxanyl. thienyl and ihiazolyl. Suitably* the 
heteroarylalkyi group is hcieroarylC(i.3)alkyl, more suitably heteroarylmethyl. 

30 Piefeired values include optionally substitued pyridylmethyU furanylmethyl. 

thienylmethyl or thiazolylmethyl. Suitable substituents for a heteroaryi ring include 
halo, hydroxy. C(i.6)alkyl. C(i.5)alkoxy. arylC(i.6)aIkoxy. carboxy and esters 
thereof, (Ci-6)alkylthio. (Ci.5)alkylsulphinyl and (Ci.6)alkylsulphonyl. 
Preferably, when Z is S(0)n. n is 1 or 2, more preferably 1. 

35 Preferably Z is SO and r3 is arylmethyl or heteroarylmethyl. in particular 

benzyl or furanylmethyl. especially benzyl. 

Suitable esters for incorporation into R^ include pharmaceutically acceptable 
esters of the formula C02R- Such esters may be active in their own right and /or be 
hydrolysable under in vivo conditions in the human body. Suitable pharmaceutically 
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acceptable in vivo hydrolysable ester groups for incoq)oration in R include those 
which break down readily in the human body to leave the parent acid or its salt. 

Examples of suitable values for R include (C i -6)alkyl, for instance* meihyK 
ethyl and propyl, (C2-6)alkenyl, for instance allyl. 
5 Further examples of suitable values for R include: 

-CH(Ra)O.CO.Rb; 
-CH(Ra)OrO.ORC; 
^H(Ra)CO,NReRf 
-RdNRCRf; 
10 -CH2OR8; 

Y 

o 

CH(Ra)O.CO.C6H4Y<k:OCH(R')NH2 
in which: 

R* is hydrogen, (Ci-5)alkyl, in particular methyl, (C3-7)cycloalkyl, or phenyl; 
15 Rb is (Ci-6)alkyl, (Ci-6)alkoxy(Ci-6)alkyU phenyl, benzyl; (e-3'7)cycloalkyl, 
(Ci-6)alkyl(C3-7)cycloalkyl. l-amino(Ci*5)aIkyl, or 
l-(Ci-5alkyl)amino(C]-5)alkyl; or 

R^ and R^ together form a 1,2-phenylene group optionally substituted by one or two 
methoxy groups; 

20 RC is {Ci-6)alkyl (C3-7)cycloalkyl (Ci-6)alkyl(C3-7)cycloalkyl; 

R^ is (Ci-6)alkylenc optionally substituted with a methyl or ethyl group; 

R^ and R^ which may be the same or different is each (Ci-5)alkyl or aryl(Ci-4) alkyl, 

optionally substituted with e.g. hydroxy; 

Rgis(Ci-6)alkyl; 
25 R** is hydrogen, (C 1 -6)alkyl or phenyl; 

R^ is hydrogen or phenyl optionally substituted by up to three groups selected from 

halogen. (Ci-6)-alkyI, or (Ci-5)alkoxy; 

and 

y4 is oxygen or NH; 
30 for instance: 

(a) acyloxyalkyl groups such as acetoxymelhyl, isobuiyryloxymcihyl, 
pivaloyloxymethyl, benzoyloxymethyU a-acetoxyethyl, a-pivaloyloxyethyl, 
l-(cyclohexylcarbonyloxy)ethyl, and (l-aminoethyl)carbonyloxymethyl; 

(b) alkoxy/cycloalkoxycarbonyloxyalkyl groups, such as ethoxycarbonyloxymcthyl, 
35 cyclohexyloxycarbonyloxymethyl and a-ethoxycarbonyloxyethyl; 
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(c) dialkylaminoalkyi, especially di-loweralkylamino alkyi groups such as 
dimethylaminomethyK dimethylaminoethyU diethylaminomeihyl or 
diethylaminoethyl; 

(d) acetamido groups such as N,N-diinethylaminocarbonylmelhyl» N,N-(2- 
5 hydroxyclhyDaminocarbonylmeihyl; 

(e) lactone groups such as phthalidyl and dimethoxyphthalidyl; and 

(f) (5-meihyN2-oxo- 1 ,3-dioxolen-4*yl)meihyl. 

It will be appreciated by those skilled in the art that the values in the further 
group of examples include those which have previously been proposed for use as pro- 
10 drug esters for various penicillin antibiotics such as ampicillin; 

Representative examples of and R^ when an alkyI group include methyl. 
Representative examples of a (C3.7)cycloalkyl ring include cyclopropyl. 
Suitably, R"* and are both hydrogen or R^ is hydrogen and r5 methyl. 

Suitably. is a direct bond or a group (CH2)xX^ in which is CH2O, 
15 CO. COO. C0NR6, CONR^CO. or CONHO in which r6 is hydrogen or C(i.6)alkyl, 
X is 0 (for all except X^ =COO) or an integer from 1 to 6. Suitably X"^ is CONH. 
Suitably x is 0. Preferably. X^ is CONH. 

Suitably, in the alkyl chain is unbranched. Useful such values of 
include C(5.io) alkyl. preferably C(g.io) ^^y^ C(3.7)cycloalkylC(5.7) alkyl, 
20 preferably cyclohexylC(5.7)alkyl. Representative examples of Y^ include nonyl and 
cyclohexylhexyK 

Suitably, X^ is: 

(a) a direct bond; 

(b) a group x5(CH2)y in which X^ is CO, C0NR6, cOO. CONR^co. or CONHO 
25 in which R^ is hydrogen or C(i.5)alkyl and y is 0 or an integer from 1 to 12; 

(c) a C(i.i2)alkylenc chain optionally inierupied by X^; 

(d) a group A-B in which A is a direct bond or X^ and B is a C(i.i2)alkylenc chain 
intenipted and/or terminated at the end remote from A by one or more groups M 
selected from O. S(0)n, NR^. alkenc or alkyne in which R^ is hydrogen or 

30 C(i.6)2^yl 2md n is 0, 1 or 2. 

Representative examples of x2 include C0(CH2)y, C0NH(CH2)y, 
C00(CH2)y, C0NHC0(CH2)y. C0NHC)(CH2)y and C(i.i2)alkylene; Preferably, 
X3 is CO or CONr6, more preferably CONH. Preferably, y is 1, 2. 5, 6, 7 or 9. 
preferably 6. Preferably. x2 is CONH(CH2)6. 
35 Represenutive examples of heteroary 1 rings for incorporation into Y^ 

include pyridyl and pyridyl N-oxide. Suitable substiiuenls for a heteroaryl ring 
include halo, hydroxy. C(i.g)alkyl and C(i.g)alkoxy. Suitably, Y^ is 2-pyridyl or 4- 
pyridyl, preferably in combination with X' being CONH(CH2)6- 

Representative examples of X^ include thiazolyl and oxazolyl, in particular 

•5- 
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Suitably, p is 1 . Representative values of q include 0 and 5. 
Representative examples of aryl rings for incorporation into y3 include 
5 phenyl and naphthyl. Suitable substituents for the aryl ring include halo, hydroxy, 
C(i.8)alkyl and C(i.8)alkoxy. Suitably. y3 is phenyl. 
Represenutive examples of X^-Y^ include: 




10 Suitably, rO is CH2CONHYI in which Y^ is C(g.io) alkyl or 

cyclohexylC(5.7)alkyl, in particular nonyl or cyclohexylhexyl. 

It will be readily appreciated by the skilled person that C-4 of the p-lactara 
ring is a chiral centre , which will give rise to the presence of stereoisomers. The 
present inventioii encompasses all such stereoisomers. An additional chiral centre 

15 will be introduced in compounds of formula 0) in which Z] is SO. The present 
invention encompasses all such stereoisomers. A further chiral centre will be 
introduced when R^ and r5 are not the same. This will give rise to the existence of 
extra stereoisomers. The present invention encompasses all such stereoisomers. In 
preferred compounds of formula Q), the absolute configurations at C-4 and die SO 

20 moiety are R and S respectively. In preferred compounds of formula Q) when R'*=H, 
R5=Me, the absolute configuration at the a-carbon (to which r5 is attached) is S. 

When used herein, the term 'alkyl* and similar terms sucfh as 'alkoxy' includes 
all straight chain and branched isomers. Representative examples thereof include 
methyl, ethyl, n-propyl, iro-propyl, n-butyl, 5ec-butyl, «o-butyl, r-butyl. n-pentyl and 

25 n-hexyl. 

Suitable substituents for an alkyl group include, for example, and unless 
otherwise defined, halogen, cyano, azido, nitro, carboxy, (Ci.6)alkoxycarbonyl. 
carbamoyl, mono- or di'(Ci^)alkytearbamoyl, sulpho, sulphamoyi, mono- or di-(Ci. 
6)alkylsulphamoyl, amino, mono- or di-(Ci.6)alkylamino, acylamino, ureido, 

30 (C 1 .5)alkoxycarbonylamino, 2,2.2-trichloroethoxycarbonylamino. aryl, heterocyclyl, 
hydroxy, (Ci.5)aIkoxy, acyloxy, 0x0, acyl, 2-thienoyl, (Ci.6)alkylthio, 
(Ci.6)alkylsulphinyl, (Ci.6)alkylsulphonyl, hydroxyimino. (Ci.6)alkoxyiraino, 
hydrazino, hydrazono, benzohydroximoyl, guanidino, amidino and iminoalkylamino. 
When used herein, the term 'aryl' includes, unless otherwise defined, phenyl or 

35 naphthyl optionally substituted with up to five, preferably up to three substituents. 
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Suitable subsiiiuenis for an aryl group include, for example, and unless 
otherwise defmed, halogen, cyano, (C|-6)alkyl, (C3-7)cycloalkyI. (Ci-6)alkoxy, 
halo(Ci-6)alkyl, hydroxy, amino, mono- or di-(Ci-6)alkylamino. acylamino. nitro, 
carboxy. (C i -6)alkoxycarbonyl. (Ci-6)alkenyloxycarbonyl, 
5 (Ci-6)alkoxycarbonyl(Ci-6)alkyl. carboxy(Ci-6)aIkyI. (Ci-6)alkylcarbonyloxy, 
carboxy(Cf-6)alkyloxy. (Ci-6)alkoxycarbonyl(Ci-<s)alkoxy, (Ci-6)alkylthio. 
(Ci-6)aikylsulphinyl. (Ci-6)alkyIsulphonyl, sulpharaoyl. mono- and di-(Ci-(5)- 
alkylsulphamoyl. carbamoyl, mono- and di-(Ci-6)aIkyicarbamoyl, and heterocyclyl. 
When used herein, the term 'heterocyclyl' includes aromatic and non-aromatic 
1 0 single or fused rings comprising up to four hetero-atoms in the ring selected from 
oxygen, niu^ogen and sulphur and optionally substituted with up to three subsiiiuents. 
Suitably the heterocyclic ring comprises from 4 to 7. preferably 5 to 6. ring atoms. A 
fused heterocyclic ring system may include carbocyclic rings and need only include 
one heterocyclic ring. 

15 When substituted, a heteroaryl or a heterocyclyl group may have up to three 

substiuients. Suitable such substituents include those previously mentioned for an 
aryl group as well as oxo. 

When used herein, the terms "halogen' and 'halo' include fluorine, chlorine, 
bromine and iodine and fluoro, chloro, bromo and iodo, respectively. 

20 Preferred compounds of formula (1) include: 

N-(6-Cyclohexylhexyi)-(4-benzylsuIphinyl-2-oxoazetidin- 1 -yl)acetamide 
(Diastereoisomer 2); 

N-(6-CyclohexyIhexyl)-(4-ben2ylsulphonyl-2-oxoazeiidin- 1 -yl)acetaraide; 

N-(Nonyl)-(4-benzylsulphinyi-2-oxoa2etidin-l-yl)acetamide (Diastereoisomer 2); and 

25 N-(Nonyl)-(4-benzyIsulphonyl-2-oxoazetidin- 1 -yl)acetainide. 

Preferred compounds of formula (I) in which, in R^, is heteroaryl, include: 

N-(6-(4-Pyridyl)hexyl)-4-benzylsulphinyl-2-oxoa2eiidin-l-ylaceiamide 
GOiastereoisomer 2); and 

N-(6-(2-Pyridyl)hexyl)-4-benzylsulphinyI-2-oxoa2ctidin- 1 -ylacetamide 
30 (Diastereoisomer 2). 

Preferred compounds of formula (I) in which rO is (CH2)pX3(CH2)qY3 
include: 

(4-(5-Phenylpentyl)thiazol-2-ylmethyl)-4.benzylsulphinyl-2-oxoazetidine. 

Since the compounds of the present invention, in particular compounds of 
35 formula (I), are intended for use in pharmaceutical compositions, it will be 

understood that they are each provided in substantially pure form, for example at least 
50% pure, more suitably at least 75% pure and preferably at least 95% pure (% are on 
a wt/wt basis). Impure preparations of the compounds of formula (l) may be used for 
preparing the more pure forms used in the pharmaceutical compositions. Although 



-7- 
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the puriiy of intermediate compounds of the present invention is less criucaJ. it will 
be readUy understood that the substantially pure form is preferred as for the 
compounds of formula (I). Preferably, whenever possible, the compounds of the 
present invention are obtained in crystalline form. 
5 When some of the compounds of this invenUon are allowed to crystalUse or 

are reciystallised from organic solvents, solvent of crystallisaUon may be present in 
the crystalline product This invention includes within its scope such solvates. 
SimUarly. some of the compounds of this invention may be crystallised or 
recrysialUsed from solvents containing water. In such cases water of hydration may 
10 be formed. This invenuon includes within its scope stoichiometric hydrates as weU as 
compounds containing variable amounts of water ihat may be produced by processes 
such as lyophUisauon. In addiUon, different crystallisaUon conditions may lead to the 
formation of different polymorphic forms of crystalline products. This invention 
includes within its scope all polymorphic forms of the compounds of formula 0). 
15 Compounds of the present invenUon are inhibitors of the enzyme lipoprotein 

associated phospholipaise A2 (Lp.PLA2) and as such are expected to be of use in 
Uierapy, in particular in Uie trcaunent of aUieroscIerosis. In a further aspect Oiereforc 
Uje present invenUon provides a compound of formula (IKof iise in Uierapy. 
The compounds of formula (I) are inhibitors of lysophosphaUdylcholine producUon 
20 by LP-PLA2 and may Uierefore also have a general applicaUon in any disorder Uiat 
involves endoUielial dysfunction, for example aUierosclerosis. diabetes, hypertension, 
angina pectoris and after ischaemia and reperfusion. In addiUon, compounds of 
formula (I) may have a general applicaUon in any disorder that involves lipid 
peroxidaUon in conjuncUon with enzyme acUvity, for example in addiUon to 
25 condiUons such as aUierosclerosis and diabetes, oUier condiUons such as rheumatoid 
arthriUs. stroke, inflammatory condiUons of the brain such as Alzheimer's Disease, 
myocardial infarcUon. reperfusion injury, sepsis, and acute and chronic inflammaUon. 
Further such condiUons include various neuropsychiauic disorders such as 
schizophrenia (see Psychopharmacology BulleUn. 31. 159-165. 1995). 
30 Further appUcaUons include any disorder Uiat involves acUvated monocytes, 

macrophages or lymphocytes, as all of these cell types express Lp-PLA,. Examples 
of such disorders include psoriasis. 

Accordingly, in a further aspect. Uie present invenUon provides for a meUiod 
of treaUng a disease slate associated wiOi acUviiy of die enzyme Lp-PLA, which 
35 meUuxi involves treaUng a paUent in need Uiereof wiUi a OierapeuUcally effecUve 
amount of an inhibitor of Uie enzyme. The disease state may be associated wiUi Uie 
increased involvement of monocytes, macrophages or lymphocytes; wiUi the fomiaUon 
of lysophosphaUdylcholine and oxidised free fatty acids; wiUi lipid peroxidaUon in 
conjuncUon wiUi Lp PLA2 acUvity; or with endoUielial dysfuncUon. 
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Compounds of the present invention may also be of use in treating the above 
mentioned disease states in combination with anti-hyperlipidaemic or anti- 
atherosclerotic or anti-diabetic or anti-anginal or anti-inflammatory or anti- 
hypertension agents. Examples of the above include cholesterol synthesis inhibitore 
5 such as statins, anu-oxidants such as probucol. insulin sensitisers, calcium channel 
antagonists, and anti-inflammatory drugs such as NSAIDs. 

In therapeutic use, the compounds of the present invention are usually 
administered in a standard pharmaceutical composition. The present invention 
therefore provides, in a further aspect, a pharmaceutical composition comprising a 
10 compound of formula (I) and a pharmaceutically acceptable carrier. 

Suitable phannaceutical compositions include those which are adapted for oral 
or parenteral administration or as a suppository. 

The compounds of formula (I) which are active when given orally can be 
formulated as liquids, for example syrups, suspensions or emulsions, tablets, capsules 
15 and lozenges. 

A liquid fonnuiation will generally consist of a suspension or solution of the 
compound or phannaceutically acceptable salt in a suitable liquid canier(s) for 
example, ethanol. glycerine, non-aqueous solvent, for example polyethylene glycol, 
oUs, or water with a suspending agent, preservaUve, flavouring or colouring agent 
20 A composition in the form of a tablet can be prepared using any suiuble 

pharmaceuUcal carrier(s) routinely used for preparing solid formulations. Examples 
of such carriers include magnesium stearate, starch, lactose, sucrose and cellulose. 

A composition in the form of a capsule can be prepared using routine 
encapsulation procedures. For example, pellets containing the active ingredient can 
25 be prepared using standard carriers and then filled into a hard gelatin capsule; 
alternatively, a dispersion or suspension can be prepared using any suitable 
pharmaceutical carrier(s), for example aqueous gums, celluloses, silicates or oils and 
the dispersion or suspension then filled into a soft gelatin capsule. 

Typical parenteral compositions consist of a solution or suspension of the 
30 compound of formula (I) in a sterile aqueous carrier or parenterally acceptable oil, for 
example polyethylene glycol, polyvinyl pyrrolidone, lecithin, arachis oil or sesame 
oil. Altemauvely, the solution can be lyophilisetf and then reconstituted with a 
suitable solvent just prior to administration. 

A typical suppository formulation comprises a compound of formula (1) which 
35 is active when administered in this way, with a binding and/or lubricating agent such 
as polymeric glycols, gelatins or cocoa butter or other low melting vegetable or 
synthetic waxes or fats. 

Preferably the composition is in unit dose form such as a tablet or capsule. 
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Each dosage unit for oral administration contains preferably from 1 to 500 rag 
(and for parenteral administration contains preferably from 0.1 to 25 mg) of a 
compound of the foimula (I). 

The daily dosage regimen for an adult patient may be, for example, an oral 
5 dose of between 1 mg and 1000 mg, preferably between 1 mg and 500 rag, or an 
intravenous, subcutaneous, or intramuscular dose of between 0.1 mg and 100 mg, 
preferably between 0.1 rag and 25 rag. of the compound of the formula (I), the 
compound being administered 1 to 4 limes per day. Suitably the compoiinds wiU be 
administered for a period of conUnuous therapy, for example for a week or more. 
10 Compounds of formula G) may be prepared by adapting processes previously 

described for ananJogous compounds in International patent applicadons WO 
96/13484. WO 96/19451 and PCT EP96/02765 (SmithKline Beecham pic). Such 
processes include treating an azetidone of formula (11): 

rZR' 



15 



'H 



(0) 



in which: ^ — 

r1. r2, r3, and Z arc as hereinbefore defined; 
with an alkylating agent of the formula (HI): 

20 r7r0 

m 

in which R^ is a suitable leaving group such as halogen oruiOate: and 

R^is as hereinbefore defmed; 

under alkylating conditions. 
25 Suitable alkylating conditions are well known in the art and include carrying 

out the reaction in the presence of a suitable base such as sodium hydride or 

potassium hydroxide optionally with a quaternary ammonium salt such tetrabutyl 

ammonium bromide, in a suitable alkylating solvent such as tetrahydrofuran (THF), 

and at a temperature in the range - 10 to 0°C. 
30 In compounds of formula (I) in which Z is S(0)n, the preceding alkylation 

reaction is conveniently effected on compounds in which n is 0. 

Compounds of formula (I) in which n is 1 or 2 can be readily prepared from 

compounds of formula (1) in which n is 0 by ueaiment thereof with a suitable 

oxidising agent such as m-chloroperbenzoic acid. Use of chiral oxidising agents such 
35 as (+)- or (-)- 1 , 1 •-bi-2-naphihol / titanium uopropoxide (N Komatsu et al, J Org 
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Chera, 1993, 58, 7624-7626) can give diasiereoisomeric seieciiviiy, if not chirally 
pure compounds. 

Compounds of formula (1) in which one of R"* and r5 is alkyi may also be 
prepared from corresponding compounds of formula (I) where both R"^ and r5 are 
5 hydrogen by treatment thereof with an alkylating agent under the conditions described 
above. Such compounds may be obtained by u-eating a compound of formula (U) 
with an alkylating agent of formula (HI) in which both of R^ and R^ is hydrogen, 
under alkylating conditions as hereinbefore described. 

A second alkyl group for R^/R^ may be inaoduced by u^ating a first 
10 obtained compound of formula (I) in which one of R"* and R^ is hydrogen, with an 
alkylating agent in the presence of a suitable base such as sodium hydride, potassium 
hydroxide or lithium hexamethyldisiiazide, in a suitable alkylating solvent such as 
teu-ahydrofuran (THF). and at a temperature in the range -80 to 10**C. 

Compounds of formula (11) in which Z is O may be obtained by treating 4- 
15 acetoxyazctidinone; 4-benzoyloxya2ctidinone or 4-phenylsulfonyla2etidinone with a 
phenol/alcohol HOR? in the presence of a base such as potassium r-butoxide. in a 
suitable solvent such as THF at a temperature in the range 0 to 5^C. Compounds of 
formula (IV) in which Z is S may be obtained by treating^4-a€etoxyazetidinone with a 
thiol HSR^ in the presence of a base such as sodium ethoxide, in a suitable solvent 
20 such as ethanol at a temperature in the range 0 to 5X. 

Compounds of formula (III) may be readily prepared by adapting known 
synthetic procedures, according to the specific value of a convenient starting 
material is an appropriately substituted aryl compound which may then be elaborated 
to inuroduce the side chain R^CR^R^ 
25 Compounds of formula (I) in which X ' denotes a group CONR^ or 

CONR^O may be conveniently prepared by treating an acid of the formula (IV): 



f 



O CR*R* — COjH 

(IV) 



in which: 

30 R ^ r2. r3, r4, r5 and Z are as hereinbefore defined; 
with an amine of the formula (V): 

NHR6y1 

(V) 

35 or a hydroxyiamine of the formula (VI): 
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NH20YJ 

(VI) 

in which r6 and Yl aie hereinbefore defined. 

in the presence of an activating agent such as ethyl chlorofoiroate or 
5 dicyclohexylcarbodiimide (DCC). in a suitable solvent such as chloroform or 

dimethyl formamide. at a temperature in the range -10 to 20'*C. 

A similar process may be used for preparing a compound of foraiula a) in 

which X2 denotes a group CONR6(CH2)y or COhfR6o(CH2)y. but using an amine 

NHR6(CH2)yYl or a hydroxylamine NH20(CH2)yYl. 
10 An acid of formula (IV) in which one of r4 and r5 is hydrogen may be 

obtaijjed by treaUng a compound of fonnula (U) with a corresponding 2-bromo 

(C1.7) alkanoate ester, under alkylating conditions as hereinbefore described; 

foUowed by the hydrolysis of the thus formed intermediate ester using standard 

condiuons. A second alkyi group may be introduced by alkylaUng of the first formed 
15 roonoalkyl ester. 

Compounds of formula (1) in which denotes a group (CH2)xCCX) in 

which X is an integer from 1 to 6 may be conveniently prepared by transesterifying a 

compound of formula (VU): ^ 



ZR^ 



20 Cf**"* — (CHj).C02R' 

(vn) 

in which: 

is methyl; and 
X, R', R', R\ R*, R' and Z are as hereinbefore defined; 
25 using conditions well known in the art for such reactions, for instance heating in 
toluene in the presence of a catalytic amount of sodium methoxide and an alcohol. 

A compound of fonnula (VII) in which one of R^ and r5 is hydrogen may 
be obtained by treating a compound of formula (II) with a methyl 2-bromoalkanoate, 
under alkylating conditions as hereinbefore described. 
30 Alternatively, a compound of formula (I) in which X * denotes a group 

(CH2)xC00 in which x is an integer from 1 to 6 may be prepared by u-eating a 
compound of formula (IV) in which r7 is hydrogen with an alcohol Y^OH or an 
activated derivative thereof, for instance a tosylate. 

Compounds of formula (I) in which X I is CHoO may be prepared by a 
35 suitable ether coupling reaction, for instance ueaiing a compound of fonnula (VIII): 
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-ZR' 



N 

CR R — (CHj),CHjR'' 

(VID) 

in which is a halogen or other suitable leaving group such as uiflate or tosylate 
and r2, r3, R^^ r5^ x and Z are as hereinbefore defined; 
with an alcohol OH or a suitable salt therof. 

In addition* compounds of fonnula (I) in which Z is S(0)n and n is 0 may be 
prepared by a process which comprises treating a compound of formula (DC): 



10 o r- 

' ' (DC) 

in which rO. r1,r2 xUndYl arc as hereinbefore defined^- 
with an alkylating agent of the formula (X): 

15 r8r3 

(X) 

in which and R^ are as hereinbefore defined; 

under suitable alkyiadng conditions, for instance, in a solvent such as acetoniuile, at a 
temperature in the region 25^. 
20 Compounds of fonnula (DC) may be obtained from the corresponding 4- 

acetylthioazetidinone by treaunent with silver niuate and a base in a suitable soFveni 
such as methanol. 

Mixtures of diastereoisomeric compounds of fonnula (I) may be resolved^ if 
so desired, according to procedures well known in the art. For instance sulphoxides 

25 (n=l) may be separated* by chromatography and/or crystallisation. Chirally pure 
compounds may be prepared by chiral chromatography, frbm chirally pure 
intermediates or by chiral synthesis using chiral reagents or catalysis. Suitable chiral 
intermediates may be obtained by resolution or chiral induction or by using chiral 
reagents, in particular natural chiral molecules, according to methods well known to 

30 those skilled in the art. For chiral synthesis, a convenient chiral starting material is a 
penicillin derivative which has the prefened configuration at C-4 of the p-lactam 
ring. This is illustrated in the following scheme: 
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Br ° 6', ^SAc 

COOpMB 11 (fiOaqaod O 



o o 



The preparaUon of the starting material (4-methoxyben2yl-6-bromopeniciIlinate-l- 
oxide) is described by J. Chem. Soc, Perkin Trans. 1. 1994, 179-188. 
5 The present, invenuon will now be iUustraied by the foUowing examples. In 

these, the teim? 'diasteteoisomer 1 ' and 'diastereoisomer 2* are used for sulfoxide 
compounds to ftifer to the diastereoisomers having R,R/S^ and.R.S/SJ^ 
configurations, respectively. Such configurations were obtained initiaUy by X-ray 
analysis of a limited number of compounds and then extrapolated to the remaning 
1 0 compounds on the basis of their 1 H nmr spectra. Unless otherwise specified, all 
compounds are racemic. Chiral compounds are described as 4R or S, SR or S where 
the 4 describes the centre at the C4 position in the azeUdinone and the S describes the 
sulfoxide centre. 
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Preparation 1 Methyl (4-benzyIthio-2-oxoazetidin-loyl)acetate 

a. 4<Benzyithjo)azetidjn-2«one 

Sodium (8.1g, 0.35mol) was dissolved in ethanol (2S0inl) and benzyl mercaptan 
5 (45.2g, 0.37mol) added dropwise over 20 minutes keeping the temperature between 
20**C - 25°C whilst bubbling nitrogen through the mixture. After 15 minutes, the 
reaction was cooled to 5°C and a solution of 4-acetoxyazetidin-2-one (45.0g. 
0.35raol) in ethanol (50ml) was added dropwise over 15 minutes whilst maintaining 
the temperature at 5*C. The mixture was stined at room temperature for 60 minutes 

10 and evaporated to dryness under reduced pressure. Water (400ml) was added, the 
mixture extracted with dichloromethane (2x300ml). the extracts dried (MgS04) and 
evaporated under reduced pressure to an oil. The oil was cooled to -20°C and 
titurated with ether (400ml) to give a white solid which was isolated by filtration 
(50.2g. 79%), m.p. 50-51.0'»C. 

15 'H NMR 6 (CDQs) 2.86(1H, m, Hj^). 3.30 (IH. m, Hj^). 3.85 (2H, s, SCH2). 4.68 
(IH, m,H4), 7:31 (5H, m. Ph-H). 

b. Methyl (4-benzylthio-2^xoazetidiii-l>yi)acetate 

To a solution of 4-(benzyIihio)azetidin-2-one (5.0g, 25mmol), methyl broraoacetale 
(4.6g, 30mmol) and tetrabuiylamraonium bromide (0.9g, O.28mmol ) in dry THF 

20 ( 1 50ml) was added powdered potassium hydroxide ( 1 .7g, 30mmol). The resulting 
mixture was stined for two hours at room temperature befor&Avater (50 ml) was 
added. The solution was extracted with ethyl acetate (3x1 50ml portions) and the 
combined extracts dried (MgS04) and evaporated. The residue was purified by flash 
chromatography on silica gel eluted with petroleum ether 60''-80'':ethyl acetate 4:1 to 

25 give methyl (4-benzyiaiio-2-oxoazetidin- 1 -yl)acetate as a yellow oil (5g, 70%). 

»H NMR 6 (CDCI3) 2.96(1H, dd, J=2.5. 16 Hz Hsa). 3.24.3.99 (each IH, d, J=18.00 
Hz. NCH2). 3.4 (IH. dd. J=5,12.5 HzHsb). 3-70 (3H, s. OCH3). 3.77 (2H. s. SCH2). 
4.92 (IH. m. U4). 7.28 (5H, m, Ph-H) 

Preparation 2 (4-Benzylthio-2-oxoazetidin-]-yl)acetic add To a solution of 
30 methyl (4-benzylthio-2-oxo-azeudin- 1 -yl)acetate (2.5g. 9.4mmol) in methanol (80ml) 
was added, dropwise at O'C, a solution of 1 N sodium hydroxide (9.9ml, 9.9mmol). 
The reaction was stirred for 1 hr and evaporated to dryness. Water (50 ml) was added 
and the solution acidified to pH 3 with dilute hydrochloric acid and extracted with 
ethyl acetate (3xl00ml) . The combined extracts were dried (MgS04), evaporated 
35 and the residue purified by recrystallisation (hexane/ether) to give (4-benzylthio-2- 
oxo-azeddin-l-yOacetic acid as a white solid (1.3g, 55%), mp 1 10-1 1 1°C. 'H NMR 
6 (CDCI3) 2.99 (IH, dd, J=6.87,17.5 Hz, Hj^), 3.27, 4.06 (each IH. d. J=18.40 Hz. 
NCH2). 3.39 (IH. dd, J=5,15.4 Hz, Hsb). 3.77 (2H, s, SCH2). ^"91 dH. m, ^4). 7.27 
(5H. m, Ph-H). 

40 Preparation 3: . (4-Benzyithio->2^xoazetidiii-l-yl)acetic add 
a. 4-(Benzylthio)azetidin-2-one 

Sodium (8.1g, 0.35mol) was dissolved in ethanol (250ml) and benzyl mercaptan 
(452g. 0.37mol) added dropwise over 20 minutes keeping the temperature between 
20°C - 25°C whilst bubbling niu^ogen through the mixture. After 15 minutes, the 
45 reaction was cooled to 5*C and a solution of 4-acetoxyazetidin-2-one (45.0g, 

0.35mol) in ethanol (50ml) was added dropwise over 15 minutes whilst maintaining 
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the temperature at 5°C. The mixture was stirred at room temperature for 60 minutes 
and evaporated to dryness under reduced pressure. Water (400ml) was added, the 
mixture extracted with dichloromethane (2x300ml), the exuacts dried (MgS04) and 
evaporated under reduced pressure to an oil. The oil was cooled to -lO^C and 
5 titurated with ether (400ml) to give a white solid which was isolated by fdtration 
(50.2g. 79%), m.p. 50-51. OX. 
b. Methyl-(4-benzylthio-2-oxoazetidin-l>yl) acetate 

To a solution of 4-(benzylthio)azeUdin-2-one (5.0g, 25mraol), methyl broraoacetatc 
(4.6g, 30mmol) and tcu-abutylammonium bromide (0.9g, 0.28mmol ) in dry THF 

10 (150ml) was added powdered potassium hydroxide (1.7g, 30mmol). The resulting 
mixture was stirred for two hours at room temperature before water (50 ml) was 
added. The solution was extracted with ethyl acetate (3xl50ml portions) and the 
combined extracts dried (MgS04) and evaporated. The residue was purified by flash 
chromatography on silica gel eluted with petroleum ether eO^-SO^rethyl acetate 4:1 to 

15 give methyl (4-benzylthio-2-oxoazeadin- 1 -yl)acetate as a yellow oil (5g. 70%). 

>H NMR 6 (CDCI3) 2.96(1H. dd, J=2.5. 16 Hz hy^), 3.24.3.99 (each IH. d. J=18.00 
Hz, NCH2). 3.4 (IH. dd, J=5.12.5 Hzflsb). 3.70 (3H. s. OCH3). 3.77 (2H, s. SCH2). 
4.92 (IH, m, Hi). 7.28 <5H, m, Ph-H) 
c (4-Beiizylthio-2-oxoa2etidin-l-yl)acetic add 

20 To a solution of, methyl (4-benzyllhio-2-oxo-azeiidin-I-yl)acetate (2.5g. 9.4mmol) in 
methanol (80ml) was added, dropwise at 0°C. a solution qf 1. N sodiura hydroxide 
(9.9mi, 9.9mrool). The reaction was stirred for 1 hr and evaporated to dryness. Water 
(50 ml) was added and the solution acidified to pH 3 with dilute hydrochloric acid 
and extracted with ethyl acetate (3x100ml) . The combined extracts were dried 

25 (MgS04), evaporated and the residue purified by recrystallisaiion (hexane/ether) to 
give (4-benzylthio-2-oxo-azeadin-l-yl)acetic acid as a white solid (1.3g. 55%). mp 
1 10-11 1°C. iH NMR 5 (CDCI3) 2.99 (IH. dd. 1=6.87.17.5 Hz, Hsa). 3.27. 4.06 
(each IH. d, J=18.40 Hz. NCHj). 3.39 (IH, dd. J=5.15.4 Hz, Hsb). 3.77 (2H, s. 
SCH2). 4.91 (IH, m. El), 7.27 (5H. ra. Ph-H). 

30 Preparation 4: 6-(4-PyridyI)hexylaniine 

Sodamide (6.63g) was suspended in liquid ammonia (100ml) and cooled in a 
cardice/aceionc bath. 4-Picoline (7.3ml) was added, the cooling bath removed and 
the mixture stirred at reflux for 2hrs. The mixture was cooled again and 5- 
bromopentylamine hydrobromide (18.53g) added and the mixture allowed to reOux 

35 for 5 hrs. Tlie mixture was again cooled, quenched with ammonium chloride ( lOg) 
and the solvent allowed to evaporate overnight. The residue wastlissolved in water 
(100ml), made su-ongly alkaline with NaOH and extracted with CH,aj(2x 100ml). 
The combined organics were partitioned with water at pH7 and the aqueous was 
washed with CH,C1,( 100ml) then basified with NaOH and extracted with CRCl, 

40 (2x 100ml). dried over K,CO, and evaporated to an orange oil. This was purified by 
vacuum distillation to give the liUe compound as a colourless oil (4.94g. 37% yield; 
b.p. 110-1 20°a0.5mm) 

•H NMR 5 (CDCl,) 1.3-1.7 (8H. m. 4 x CH,). 2.6 (4H, m. CH,Pyr + CHjNH,). 7.10 
(2H, m, Pyr-3,5H), 8.48 (IH. m, Pyr-2,6H) 
45 Preparations: 6-(2-Pyridyi)hexyIamine 
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Treatment of 2-picoHne with sodamine in liquid ammonia followed by 5- 
broraopentyiamine using the procedure for 6-{4-pyridyl)hexylamine gave the title 
compound in 38% yield, b.p. ISO^'C at 0.3 mm Hg 
Preparation 4: 2-BronioineUiyl-4-(5-phenylpentyi)thiazole 
5 a. 2-Beiixoyloxy-4-(5-phenylpentyl)thiazole 

A mixture of benzoyloxylthioacetamide (CA89230 (2.0g. 0.0102moles) and 1-bromo- 
6-phenyI-2-hexanone (2.5g, 0,00929moles) in absolute alcohol {2.5ml) was stirred at 
reflux for 15 minutes. The reaction was cooled and poured into saLNaHC03 (aq) and 
extracted with ethyl acetate (2x50ml). The organic extracts were combined, washed 
10 with brine, dried (MgS04) and evaporated to an orange oil. Purification by column 
chromatography eluted with 20:1 to 10:1 RE.: ethyl acetate gave 2-bcnxoyloxy-4-(5- 
phenylpentyDlhiazole as a colourless oil (2.39g, 71%). 
b. 2-Hydroxymethyl-4-<5-phenylpentyl)tliiazole 

2-Benxoyloxy-4-(5-phenylpentyI)thia2ole (2.29g, 0.00627moles) was treated with 5% 
15 eihanolic potassium hydroxide (100ml) and the mixture was heated on a steam bath for 
10 minutes. The mixture was reduced in volume to 25ml under reduced pressure, 
water (100ml) was added and the mixture was reduced to SOml under reduced 
pressure. The residue was acidified to pH7 with dilute HCl and extracted with diethyl 
ether (x2). The organic extracts were combined and washed with satNaHCOj, brine, 
20 dried (MgS04) and evaporated to a yellow oil. Purification by column chromatography 
eluted with 1:1 P.E.: ethyl acetate gave 2-hydroxymethyftl(5-phenylpentyl)thia2oIe as 
a yellow oU (1.55g, 94%). 
c 2-BroinoinethyI-4*(5-phenylpentyI)thtazole 

A mixture of 2-hydroxymethyl-4-(5-phenylpentyl)thiazole (1.47g, 0.00562moles) and 
25 triphenylphosphine (1.59g, 0.00606moles) in dry CH2Q2 (25ml) was cooled to 0^ 
and treated with solid N-bromosuccinimide (1.08g, 0.00606moles) in portions over 10 
minutes maintaining the temperature at O^C. The cooling bath was removed and the 
reaction was stiaed for Ih. Purification by column chromatography eluted with 10:1 
to 5: 1 P.E.: ethyl acetate gave the product as a colourless oil. The oil was dissolved in 
30 diethyl ether and washed with satNaHCOa (aq), brine, dried (MgS04) and evaporated 
to give 2-bromometbyl-4-(5-phenylpentyl)thiazole as colourless oil (I.52g, 83%). 

Example 1 N*(6-Cyclohexylhexyl)-(4-b€nzylthio*2-oxoazetidin-l-yl)acetaniide 

A mixture of (4-benzylthio-2-oxoazetidine-lyl)acetic acid (2.06g), 6- 
35 (cyclohexyl)hexylamine (1.50g), dicyclohexylcarbodiimide (1.69g) and 1- 

hydroxybenzotriazole (1.1 Ig) in dry dimethylforraamide (DMF) (20ml) was stined at 
20X for 3 hours. Ethyl acetate (50ml) was added, the mixture filtered and the filtrate 
evaporated to an oil. This oil was taken up in ethyl acetate, washed with aq. NaHCO, 
solution and brine, dried over MgSO^ and evaporated to an oil which was purified by 
40 chromatography on silica gel (40-60 Peu-oleum ether/ethyl acetate) to give the title 
compound as a colourless oil (2.89g, 85% yield). 

'H NMR 5 (CDCI3) 0.7-1.8 (19H. m, 4 x CH2 + Cyclohexyl CH. CH,), 2.95 (IH, dd, 
J=2, 15 Hz, H3), 3.25 (2H. m, NHCflz)- 3.38 (IH, dd, J=5, 15 Hz,a3). 3.55. 3.73 
(each IH, d, J=I7 Hz, NCH2), 3.82 (2H. s, SCU2). 4.82 (IH, m, H4), 6.06 (IH, br s, 
45 NH), 7.2-7.4 (5H, m, Ph-H) 
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Example! N-(6-Cyclohexylhexyi)-4.benzylsiiIpiiinyl-2-oxoazetidin.]-ylacetainide 
(Diastereoisomer 1) 

N-(6-CyclohexylhexyI)-4-benzyIthio-2-oxoa2etidin- 1 -ylacetamide (2.76g) was 
dissolved in dichloromethane (60ral), cooled lo -60"C and a solution of 55-60% m- 
5 chloroperbenzoic acid (mCPBA) ( I.84g;ca 6.62mM) in dichloromethane (80ral) was 
added dropwise over 15 rains, then the mixture was stirred at 20°C for 3 hours. The 
soIuUon was washed with aq. NaHCO,/Na,SO„ water, dried over MgSO, and 
evaporated to a colourless solid. This was recrystallised three times from EtOAc 
(cooling to 20X only) to give the tide compound as a colourless solid m p 150- PC 
10 (735mg,26%). 

'H NMR 6 (CDCI3) 0.8-1.8 (19H. ra. 4 x CH2 + Cyclohexyl CH. Cfl,). 2.95 (IH. dd, 
J=5, 15 Hz. flj). 3.22 (2H. m. NHCII2). 3-46 (IH, dd, J=2. 15 Hz. H3). 3.72, 4.10 
(each IH. d. J=17 Hz, NCH2). 3.90. 4.06 (each IH. d. J=13 Hz. SOCH2). 4.53 (IH. 
ra. Ii4), 6.62 (IH, br s, m>, 7.2-7.5 (5H. ra. Ph-fl) 
15 Vc^l791cm^ 

Found: C, 66.4; H. 8.1; N. 6.6%; C24H36N2O3S requires: C, 66.6; H. 8.4; N. 6.5% 
Example 3 N-((»-Cydohexylhexyl>(4-benzylsulphinyl-2-oxoazetidin-l- 
yi)acetamide (Diastereoisomer 2) 

The mother liqu,ors frqto, the first two recrystallisations in Example 2 above were 
20 combined and e;yaporated to a solid which was recrystallised from EtOAc. cooling 10 
RT and filtering to remove the first formed solid, then refrigerating to obtain a solid 
which was recrystallised again from EiOAc to give the title compound as a colourless 
solid, m.p. nS-?^. (1.32 g, 46%) 

'H NMR 8 (CDCI3) 0.8-1.8 (19H. m. 4 x CH2 + Cyclohexyl CH. CH,). 2.88 (IH. dd. 
25 J=2, 15 Hz, H3). 3.2 (3H. m. H3 + NHCH2). 3.91. 4.20(each IH. d, J=17 Hz. NCH2). 
4.00. 4.24 (each IH, d, J=13 Hz. SOCH2). 4 62 (IH, m, H4), 7.2-7.5 (6H, m, Ph-H + 
NH): 

Vc^ 1793 cm ' 

Found: C. 66.2; H. 8.2; N. 6.5%; C24H36N2O3S requires: C. 66.6; H. 8.4; N. 6.5% 
30 Example 4 N-(6-Cycloliexylhexyl)-(4-beiizylsulplionyl-2-oxoazetidiii-l. 
yl)acetamide 

N-(6-Cyclohexylhexyl)-(4-benzylsulphinyl-2-oxoazetidin- 1 -yl)acetamide (0.95g) was 
dissolved in dichloromethane (40ml), a solution of 55-60% mCPBA (0.83g) in 
dichloromethane (40ml) was added and stirred at 20'*C for 1,5 hours. The solution 
35 was washed wiUi aq NaHCOj/NajSO, and brine, dried over MgSO, and evaporated to 
a solid. This was purified by chromatography on silica gel (40-60 Pet ether/EtOAc) 
thennecrystallisation from EiOAc to give the title compound as a colourless solid, 
m.p. 129-30°C, (630 mg, 64%) 

'H NMR 5 (CDCI3) 0.8-1.8 ( 19H. m. 4 x CH2 + cyclohexyl CH, CH,). 3.01 (IH, dd. 
40 J=2. 15 Hz, H3). 3.12 (IH, dd, J=5. 15 Hz, H3). 3.25 (2H, m. NHCH2); 3.83. 3.97 
(each IH, d, J=17 Hz, NCH2). 4.35 (2H. s, SO2CH2). 4.86 (IH. m. H4). 5.96 (IH, br 
s, NH). 6.9, 7.4 (5H, m. Ph-H ); v 1796 cm** 

Found: C, 64.2; H, 7.9; N. 6.4%; C24H36N2O4S requires: C, 64.3; H, 8.1; N. 6.2% 
Example S N-(Nonyl)-(4-benzylthio-2-oxoazetidln-l.yl)acetamide 
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Treatment of (4-benzylthio-2-oxoa2eiidinc-lyl)acetic acid widi nonylamine under the 
conditions described for Example 1 gave the title compound as a colourless solid. 
m.p. 64-65''C. 88% yield 

»H NMR 5 (CDCI3) 0.88 (3H. l. J=6.8H2, CH3). 1.28 (12H. m, 6XCH2). 150 (2H, m. 
5 NCH2CH2). 2.93. 2.97 (IH. dd. J=2.4, 15.4Hz. H3). 3.24 (2H. m. NHCH2). 3.36. 
3.40 (lH. dd. J=5.2. i5.4Hz.H3). 3.57. 3.72 (each IH. d. J=16.7Hz, NCH2). 3.82 
(2H. s. SCH2). 4.81 (IH. m. H,). 6.0 (IH. ro. Nfl), 7.30-7.33 (5H. m. Ph-H): v 
1773 cm' 

Found: C, 67.0; H, 8.4; N. 7.6%; C21H32N2O2S requires: C, 67.0; H. 8.6: N. 7.4% 

10 

Treatment of N-(nonyI)-(4-benzylthio-2-oxoazetidin-l-yl)acctamide with mCPBA as 
described for Examples 2 and 3 gave the following two compounds (Examples 6 and 
7) after separation by crystallisation. 

IS Example 6 N-(NonylH4*benzylsulphinyl-2^xoazetidin-l>yi)acetainide 
(Diastere<^sonier 1) 

Colourless solid, m.p. 162-164X. 22% yield 

^H NMR 6 (CDCI3) 0.88 (3H. t. J=6.8Hz. CH3). 128 (12H. m. 6XCH2). 1-50 (2H, m, 
NCH2Cii2). 2.93! 2.97 (IH. dd, J=4.8. 14.8Hz, Mj), 3.22 (2H. m. NHCH2). 3.44. 
20 3.48 (IH. dd, J=2.p, 14.8Hz, H3), 3.73. 4. 10 (each IH, d, J=17.6Hz. NCH2). 3.90. 
4.05 (each IH, d, J=12.8Hz. SOCH2). 4.53 (IH, ra. H4k^..6_OH, m, NH), 7.26-7.40 
(5H, m, Ph-H); v ^=0 1791 cm ' 

Found: C. 64.0; H. 7.8; N, 7.4%; C21H32N2O3S requires: C. 64.3; H. 8.2; N, 7.1% 
Example 7 N-(Nonyl)-<4-benzylsulphinyl-2«oxoazetidiiHl*yl)acetainide 
25 (Dlastere<HSoiner 2) 

Colourless soUd. m.p. 107-108X. 34% yield 

»H NMR 5 (CDCI3) 0.88 (3H, t, J=6.8H2, Cfl3), 1.28 (12H, m, 6XCH2). 152 (2H. m. 
NCH2CH2). 2-85, 2.89 (IH, dd. J=2.4. 15.3Hz, H3). 3.15, 3.19 (IH. dd. J=5.4. 
15.3Hz. H3). 3.26 (2H. m. NHCH2). 3.91, 4.23 (each IH. d. J=17.1Hz. NCH2). 4.0. 
30 4.20 (each IH. d. J=13Hz. SOCH2). 4.62 (IH. m, H4). 7.2 (IH. ra, NH), 7.26-7.40 
(5H, ra, Ph-H); Vc=o 1794 cm'* 

Found: C, 63.9; H. 8.0; N, 7.2%; C21H32N2O3S requires: C, 64.3; H, 8.2; N. 7.1% 
Example 8 N-(NonylH4-benzylsulphonyl-2^xoazetidin-l-yl)acetamide 

Treatment of N-(nonyl)-(4-benzylsulphinyl-2-oxoa2eiidin-l-yI)acetamide with 
35 mCPBA as described for Example 4 gave the title compound as a colourless solid, 
m.p. 125-126°C. 76% yield 

iH NMR 5 (CIX:i3) 0.88 (3H, t. J=6.8Hz, Chi), 128 (12H, m. 6XCH2). 1-50 (2H. m, 
NCH2CH2). 2.97. 3.03 (IH. dd. J=2.4, 15.4Hz. H3). 3.09. 3.15 (IH. dd. J=5.1, 
15.4Hz, H3). 3.24 (2H. m, NHCH2). 3.83. 3.98 (each IH. d. J=16.9Hz. NCH2). 4 32. 
40 4.39 (each IH. d. J=14.3Hz, SO2CH2). 4.85 (IH, m. H4). 5.95 (IH. m. NH). 7.41 
(5H. m. Ph-H) 
Vc=ol796 cm-* 

Found: C. 61.4; H, 7.6; N. 7.0%; C21H32N2O4S requires: C. 61.7; H. 7.9; N. 6.9% 
Example 11 N-(6-(4-Pyridyl)hexyl)-4-benzylthio*2-oxoazetidin-l-ylacetaniide 
45 A mixture of 4-benzylthio-2-oxoazetidine- 1 ylacetic acid (2.26g). 6-(4- 
pyridyDhexy lamine ( 1 .60g). dicydohexy Icarbodiimide ( 1 .86g) and 1 - 

- 19- 



wo 97/21676 



l'CT/EP96/0S588 



hydroxybenzotriazole (1.22g) in dry dimeihylformainide (20inl) was siiired ai 20- 
25°C for 3 hrs. Ethyl acetate (50ml) was added, the mixture was filtered and the 
filtrate evaporated to an oil. This oil was taken up in EtOAc, washed with NaHCO,, 
brine, dried over MgSO, and evaporated to an orange oil which was purified by 
5 chromatography on silica gel (EtOAc/EtOH) to give the uUe compound as a 
colourless oil (3.22g, 87% yield) 

'H NMR S (CDCl,) 1.2-1.7 (8H. m. 4 x Cfl,). 2.59 (2H. t, J=8 Hz. CH,Ph), 2.95 (IH 
dd. J=2. 15 Hz. H,). 3.24 (2H. m. NHCH,). 3.37 (IH. dd. J=5. 15 Hz. H,). 3.56. 3.72 ' 
(each IH. d. J=17 Hz. NCH,). 3.81 (2H. s. SCH,). 4.82 (IH. m. H). 6.18 (IH. br s 
10 NH). 7.09 (2H. m. Pyr-3.5H). 7.30 (5H, m. Ph-li). 8.47 (IH. m. Pyr.2,6H) 

Example 12 N-(6-(4-Pyridyl)hexyl)^ben2ylsulphiny|.2-oxoa2etidin-l. 
ylacetamide (Dia 1) 

N-i(6-(4-pyridyl)hcxyl)-4-benzylthib-2-oxoazctidin-l-ylacetamide (3.04g)was 
dissolved in CH,Cl,(50ml), cooled to -CO^C and a solution of 55-60% m- 

15 chloroperbenzoic acid (mCPBA) (2. 1 Ig) in CH,Clj (lOOml) was added dropwise over 
15 mins. The solution was stirred at 20-25'*C for 3 hrs then washed with aq 
NaHCOj/NajSO,, brine, dried over MgSO, and evaporated to a sticky solid. This was 
recrystallised twice from ethyl acetate to give the title compound as a colourless solid 
m.p. 167-8X.(0.90g;.30%) 

20 'H NMR 5 (CDGl,) 1.2-1.7 (8H. m. 4 x CH,). 2.59 (2H. t. J=8 Hz. CH,Ph). 2.97 (IH. 
dd. J=5. 15 Hz. H,). 3.23 (2H. m. NHCH,). 3.47 (IH. dd^=2..45 Hz. H,). 3.68. 4.15 
(each IH. d. J=17 Hz. NCM,). 3.89. 4.07 (each IH. d. J=13 Hz. SOCH,). 4.50 (IH. ra. 
H). 6.75 (IH, br s, NH). 7.10 (2H, m. Pyr-3.5H). 7.25. 7.40 (5H. 2 x m. Ph-H). 8.48 
(2H, br s, Pyr-2.6H); v c=o 1792 cm * 

25 Found: C. 64.4; H, 6.7; N. 9.8%; C^H„N,0,S requires: C, 64.6; H. 6.8; N. 9.8% 
Example 13 N-(6-(4-PyiidyI)hexyl)<4-benzylsulphinyl-2^xoazetidiii-l- 
ylacetamide (95% Dia 2) 

The mother liquor from the above recrystallisation in Example 12 was evaporated to a 
solid which was recrystallised twice from ethyl acatate to give the tide compound as a 

30 colourless solid, m.p. 109-10**C, (1 .41g, 46% yield) 

'H NMR 5 (CDCl,) 1.3-1.8 (8H. m. 4 x CH,). 2.59 (2H. t. J=8 Hz. CH^h). 2.92 (IH, 
dd. J=2. 15 Hz. H,). 3.25 (3H. m. NHCH^ + H,). 3.87. 4.27 (each IH. d. J=17 Hz. 
NCH,). 3.98. 4.19 (each IH. d. J=13 Hz. SCX:H,). 4.61 (IH, m. H.). 7.10 (2H. m, 
Pyr-3,5H), 7.25.7.38 (6H. 2 x m, Ph-H + NH), 8.47 (2H, m. Pyr-2,6H); v ^ 1793 

35 cm-> 

Found: C, 64.3; H, 6.6; N, 9.8%; C„H„N,0,S requires: C, 64.6; H, 6.8; N, 9.8% 
Example 14 N-(6-(4-Pyridyl)hexyl>4-benzylsulphonyl-2-oxoazetidin-l> 
ylacetamide 

N-(6-(4-Pyridyl)hexyl)-4-benzylsulphinyl-2-oxoazetidin- 1 -ylacetamide (Dia 1 ) 
40 (1.15g) was dissolved in CH,Cl,(50ml) and a soluuon of 55-60% mCPBA(1.10g;ca 
3.5mM) in CH,Cl,(50ml) added and stirred at 20-25°C for 3hrs and allowed to stand 
at 20-25*C for 16 h. mCPBA (0.1 3g) was added and the solution stirred for a further 
3 hrs then washed with aq NaHCO/Na,SO,, brine, dried over MgSO, and evaporated 
to an oil. This oil was chromatographed on silica gel (ElOAc/EtOH) to give the title 
45 compound as a solid which was recrystallised from EtOAc/Et,0 to give a colourless 
solid m.p. 106-8°C. (0.38g. 31%) 
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'H NMR 6 (CDCg 1.3-1.8 (8H. m. 4 x CH,). 2.60 (2H. I. J=8 Hz. CH^Pyr). 3.00 
(IH. dd. J=2. 15 Hz. H,). 3.1 1 (IH, dd. J=5. 15 Hz, H,). 3.25 (2H. m. NHCH,). 3.86, 
3.94 (each IH. d, J=17 Hz. NCHj), 4.34 (2H, s, SOXH,). 4.83 (IH. ra. H), 6.10 (IH, 
br s. NH). 7.10 (2H. m. Pyr-3,5H). 7.41 (5H. m. Ph-H). 8.47 (2H. m. Pyr-6Ii); v ^ 
5 1797 cm-' 

Found: C. 62.0; H. 6.5; N, 9.5%; C^H^NjO.S requires: C. 62.3; H. 6.6; N. 9.5% 
Example 15 N-(6-(4-Pyridyl)hexyi)-4-benzylsulphonyl-2-oxoazetidjn-l- 
ylacetamide N-(pyridyl)oxide 

N-(6-(4-Pyridyl)hexyl)-4-ben2ylsulphonyl-2-oxoa2etidin- 1 -ylaceiamide N- 
10 (pyridyl)oxide was also produced in the oxidation of N-(6-(4-Pyridyl)hexyl)-4- 
benzylsulphinyl-2-oxoazetidin-l-yIacetamide with mCPBA (details in Example 14 
above) and was obtained after chromatography and recrystailisation from ethyl 
acetate ais a colourless solid (0.44g, 35%), m.p. 132-4'*C. 
'H NMR 8 (CDCl,) 1.3-1.8 (8H, m. 4 x CH,), 2.60 (2H. t. J=8 Hz. CH,Pyr). 3.00 
15 (IH. dd. J=2. 15 Hz, JH,), 3. 12 (IH. dd. J=5. 15 Hz. H,). 3.25 (2H, m. NHCH,). 3.91 
(2H. s. NCH,). 4.36 (2H. s. SO,CHj). 4.83 (IH. m. it), 6.22 (IH, br s, NH). 7.09 
(2H. ra. Pyr-3.5I1). 7.41 (5H. m. Ph-fl). 8.12 (2H. ra. Pyr-2,6H); v 1783 cm'' 
Found; C. 59.6; H. 6.2; N. 9.1%; C„H„N,0,S requires: C. 60.1; H. 6.4; N. 9.1% 
Example 16 N-(6-(2-Pyridyl)hexyl)^benzylthio-2-oxoazetidin-]-ylacetamide 
20 Treatment of of 4-benzylthio-2-oxoazetidine- lylacetic acid with 6-(2- 

pyridyDhexylamine, dicyclohexylcaifoodiimide and l-hydroxybenzotriazole in dry 
dimethylformamide as described for Example 1 1 gave the title compound as a 
colourless oil in 90% yield. 

'H NMR 8 (CDCl,) 1.3-1.8 (8H, m. 4 x CH,), 2.77 (2H. I. J=8 Hz. CH,Pyr), 2.94 
25 (lH.dd.J=2, 15Hz.H,).3.23(2H,m.NHCIi,).3.36(lH,dd.J=5. 15 Hz. H,). 3.54, 
3.75 (each IH. d. J=17 Hz. NCH,), 3.81 (2H. s. SCH,). 4.83 (IH. m. it), 6.29 (IH. br 
s, NH). 7.15 (2H, m, Pyr-3,5H), 730 (5H. m, Ph-H). 7.59 (IH. m, Pyr-4H), 8.50 (IH, 
m, Pyr-6H) 

30 Examples 17 and 18 were prepared by the methods described for Examples 12 and 13 
and Examples 19 and 20 were prepared by the methods described for Examples 14 
and 15. 

Example 17 N-(6-(2-Pyridyl)hexyl)-4-benzylsuIphinyl-2M>xoazetidjn-l- 
35 ylacetamide (Dia 1) 

Colourless solid, m.p. 126-30°C. 30% yield 

'H NMR 8 (CDCl,) 1:3-1.9 (8H. m. 4 x CH,). 2.77 (2H. t. J=8 Hz, CH,Pyr). 2.95 

(IH. dd, J=5, 15 Hz.H,). 3.22 (2H. m. NHCH,). 3.45 (IH, dd, J=2. 15 Hz,H,). 3.75. 

4.09 (each IH, d, J=17 Hz, NCH,). 3.90, 4.06 (each IH. d, J=13 Hz, SOCH,). 4.54 
40 (IH. m. a). 6.75 (IH, br s. NH). 7.10 (2H, m. Pyr-3.5H). 7.30 (5H. m, Ph-H). 7.59 

(IH. m, Pyr-4H). 8.50 (IH. m. Pyr-6H); v 1791 cm ' 

Found: C. 64.5; H, 6.6; N. 9.8%; Cj,H„N,0,S requires: C. 64.6; H. 6.8; N. 9.8% 

ExampI 18 N-(6-(2-Pyridyl)hexyl)^benzyisulphinyi-2-oxoazetidln-l- 

ylacetamide (92% Dia 2) 
45 Colourless solid, m.p. 93-6°C. 20% yield 
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'H NMR 5 (CDCl,) 1.3-1 .9 (8H. m. 4 x CH,). 2.78 (2H. I, J=8 Hz. CIi,Pyr). 2.86 
(IH. dd, J=2, 15 Hz.H,). 3.25 (3H, m, NHCH, + H,). 3.92, 4.23 (each IH. d. J=I7 
Hz, NCH,), 4.0. 4.20 (each IH, d, J=13 Hz. SOCU^), 4.63 (IH. m. UJ, 7.10 (2H. m. 
Pyr-3,5H). 7.30 (6H, m. Ph-H + NH). 7.58 (IH. in. Pyr-4H). 8.50 (IH, ra. Pyr-6H); 
5 Vc=ol793cni' 

Found: C. 64.5; H, 6.7; N. 9.8%; C^H„N,0,S requires: C. 64.6; H, 6.8; N. 9.8% 
Example 19 N-(6-(2-Pyridyl)bexyl>>4-benzylsulphonyl-2H>xoazetidin-l- 
ylacetamide 

Colourless solid, ro.p. 1 Id-S^C. 9% yield 
10 'H NMR 5 (CDCI,) 1.3-1 .8 (8H, m. 4 x CH,). 2.78 (2H. t. J=8 Hz, CH,Pyr), 2.99 

(lH.dd.J=2, 15 Hz. H,). 3.11 (lH,dd,J=5. 15 Hz,H,), 3.24 (2H.iii.NHCH,). 3,82, 

4.01 (each IH. d. J=17 Hz. NCH,). 4.36 (2H. s. SO^CH,). 4.87 (IH. m. a). 6.26 (IH. 

br s. 1^. 7.12 (2H. m. Pyr-3v5ID. 7.41 (5H, m. Ph-H), 7.60 (IH. m, Pyr-4H). 8.50 

(IH, m. Pyr-6H); v c=o 1792 cm * 
15 Found: C, 62.2; H, 6.5; N, 9.4%; Cj,H^,0,S requires: C. 62.3; H. 6.6; N, 9.5% 

Example 20 N-(6-(2-PyriciyI)hexyi>4>benzylsulphonyl-2-oxoazetidln-l- 

ylacetamide N-(pyridyl)oxide 

Colourless solid, m.p. 153-4''C. 61% yield 

'H NMR 5 (CDCl,) 1.3-1.8 (8H. m. 4 x CH,), 2.96 (3H. m. CH,Pyr -^ H,). 3.13 (IH. 

20 dd. J=5. 1 5 Hz. H,). 3.25 (2H. m. NHCH,). 3.85, 4.09 (each IH. d. J=17 Hz. NCH,), 
4.38 (2H. s. SOjCH,). 4.92 (IH. m. H.), 6.61 (IH. br s. NH), 7.2 (3H. m. Pyr- 
3.4,5H). 7.41 (5H, m, Ph-H). 8.26 (IH, m. Pyr-6H); v 1793 cm * 
Found: C, 60.0; H, 6.3; N, 9.1%; Cj,H„N,0,S requires: C, 60.1; H, 6.4; N, 9.1% 
Example 21 l-(4-(5-Plienyipentyl)ttiiazol-2-ylmethyl)^benzyltliio-2- 

25 oxoazetidine 

To a mixture of 2-bromomethyI-4-(5-phenylpentyl)ihiazole (0.5 g), 4-benzylthio- 
azetidin-2-one (0.3 g) and teura-n-butylammonium bromide (0.05 g) in dry 
tetrahydrofuran (THF). cooled to lOX. powdered potassium hydroxide (0.096 g) was 
added. The mixture was warmed to 20**C and stirred for 4 hours. Ethyl acetate and 

30 brine were added and the organic solution separated, washed and evapoialed to give a 
brown oil. Chromatography on silica gel using peu-oleum ether/ethyl acetate gave the 
title compound as a pale yellow oil (0.48 g, 68% yield). 
*H nmr 6 (CDCIj) 1.40 (2H, m, 1.63-1.75 (4H, m, 2xCH,). 239 (2H, t, 
J=7.6 Hz, PhObX 2.74 (2H, t, J-7.6Hz, thiazolvl CWA 2.93, 2.97 (IH, dd, J=2.4, 

35 1S2 Hz, Hi), 3.33, 3.37 (IH, dd, J=5.2, 15.2 Hz, 3.77 (2H, s, SfiHi). 4 J3, 
4.76 (each IH, d, J=16.4 Hz, NOL). 4.78 (IH, m, H4), 6.83 (IH, s, thiazole-H), 
7.14-7.29 (lOH, m, 2xPh.li); Vc-ol772cm » 

Example 22 l-(4-(5-Phenylpentyl)thiazol-2-ylmethyI>-4-benzylsulphlnyl-2- 
oxoazetidine (Dia l:Dia 2 22:78) 

40 1 -(4-(5-pheny lpentyl)thiazol-2-ylmethyl)-4-benzylthio-2-oxoazetidine (1.1 equiv) 
was dissolved in CH2Cl2(50ml). cooled to -60X and a solution of 55-60% m- 
chloroperbenzoic acid (mCPBA) (2.1 Ig) in CHjClj(lOOml) was added dropwise over 
15 mins. The solution was stirred at 20-25"'C for 3 hrs then washed with aq 
NaHCO/Na,SO,, brine, dried over MgSO, and solvent removed under reduced 

45 pressure to give the title compound as a mixture of diastereoisomers in the form of a 
colourless oil in 87% yield, v (.=0 ^ 785 cm'* 
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Found: C, 66.2; H, 6.2; N, 5.9%; CisHmNiOjS requires: C, 66.3; H, 6.2; N, 6.2% 
Example 23 l-(4-(5-Phenylpentyl)thiazoI-2-ylmethyl>-4-beiizylsulphonyl-2- 
oxoazetidine 

Trcaunent of l-(4-(5-phcnyIpentyl)thia2ol-2-ylmeihyl)-4-benzylsuirinyI-2- 
5 oxoazetidine with mCPBA (1.1 equi v) under the conditions described for Example 2 
gave the title compound in the form of a colourless oil in 91% yield. 
»H nrar 5 (CEXTl,) 1.40 {2H. m. CH:). 1.61-1.73 (4H. m. 2xCH,). 2.60 (2H. t. J=TS 
Hz. PhCH,). 2.74 (2H. I, J=7.6Hz. thiazolylCH,). 3.15 (2H. d. J=4Hz, 2xii,). 4.35 
(2H. ra. SO£H,). 4.50. 4.97 (each IH. d. J=16.4 Hz. NOi,). 4.84 (IH, m.H,). 6.86 

10 (IH, s. thiazole-H). 7.14-7.39 (lOH. m. 2xPh-H); v 1792 cm * 

Found: C. 64.1 ; H. 6.2; N. 6.0%; C^H^N^S requires: C, 64.1 ; H, 6.0; N. 6.0% 
Example 24 4-Methylthio-l-((5-phenyloxazol-2-yl)methyl)azetidin-2^>ne 
Treatment of 4-meihylthioazeadin-2-one with 2-bromomethyl-5-phenyloxazole in the 
presence of Uthium hexamethyldisilazide in THF at -70*'C gave the title compound as 

15 a yellow gum. 

Found: C. 61.3; H. 5.2; N. 10.2%; C„H„NAS requires: C 61.3; H. 5.1; N, 10.2% 
Example 25 4-MethylsuinnyM.((5-phenyloxazol-2>yl)methyl)azetidin-2.one 

Treaunent of 4-methylihio- 1 -((5-phenyloxazol-2-yl)methyl)azetidin-2-one with 
mCPBA (1 eq) in dichloromethane at -78°C following the procedure of Example 2 
20 gave the title compound as a mixture of diastereoisomers as a yellow gum. mJz 290 
(M*).227, 158. 103.77. 

Found: C. 56.3; H, 4.9; N. 9.5%; C„H„N,0,S (+ 0.4 H,0 + 0.02 CH,C1,) requires: C, 
56.2; H. 5.0; N. 9.4%; (solvents identified by nmr) 

Example 26 4-Methylsulflnyl-l-((5-phenyloxazol-2-yl)methyl)azetidin-2-one 
25 Treatment of 4-methylthio- l-((5-phenyIoxazol-2-yl)methyl)a2etidin-2-one with 
wiCPBA (2 eq) in dichloromethane at 20<'C gave the title as a cream solid 
Found: C. 54.8; H. 4.7; N. 9.2%; C^H^N^S requires: C, 54.9; H. 4.6; N. 9. 1%; 

Biological Data 



Screen for Lp-PLA2 inhibition. 

Enzyme activity was determined by measuring the rate of turnover of the artificial 
substrate (A) at 37 °C in 50mM HEPES (N-2-hydioxyethylpiperazine-N'-2. 
35 etiianesulphonic acid) buffer containing 150mM NaCl, pH 7.4. 



30 




OPO(CH2)2NMe3' 

cP 



0 



(A) 



40 Assays were performed in 96 well utre plates. 



-23- 



wo 97/21676 



PCT/EP96/05588 



Lp-PLA2 was partially purified by density gradient centrifugation of human plasma. 
Active fractions were pooled and used as the source of Lp-PLA2. The enzyme was 
pre-incubaied at 37 X with vehicle or lest compound for 10 min in a total volume of 
180 ^1. The reaction was then initiated by the addition of 20 ^1 lOx substrate (A) to 
5 give a final substrate concentration of 20 \iM. The reaction was followed at 405 nm 
for 20 minutes using a plate reader with automatic mixing. The rate of reaction was 
measured as the rate of change of absorbance. 

Results: 

10 

The compounds of Example 3, 7, 8, 13, 18 and 22 had IC50 values in the range 5 to 
200nM. 
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Claims 

1. A compound of formula (I): 



R'- 



^2R' 

5 " (I) 

in which: 

rO is CR4r5-xI-Y1, CR4r5.x2.y2, or (CH2)pX3(CH2)qY3; 
r1 and R^, which may be the same or different, is each selected from hydrogen, 
halogen or C(i.8)alkyl; 
10 R^ and R^ which may be the same or different is each selected from hydrogen and 
C(i.6)alkyl, or R^ aiid R^ may be linked together to form the residue of a €(3.7) 
cycloalkyl ring; 

X* is a linker grbup and is optionally substituted C(i.i2)^*yl C(2.i2)alkenyl, 
C(2.i2)alkynyl, C(3:7>-cycloalkylC(i.g) alkyl; 
15 is a linker group and Y^ an optionally substituted h^temaryl group; 

X^ is a heteroaryl group and Y^ is an optionally substituted aryl group, p is an integer 
from 1 to 6, q is 0 or an an integer from 1 to 6; 

Z is O and r3 is C(i.8)alkyl, arylC(iu|)alkyl or aryl each of which may be optionally 
substituted, or 

20 Z is S(0)n in which n is 0, 1 or 2 and r3 is C(i.8)alkyl, C(3.8)cycloalkyl, 

C(3.g)cycloalkylC(i.6)^y^» aryl, arylC(i.4)alkyl or heteroarylC(i.4)alkyl each of 
which may be optionally substituted. 

2. A compound of formula (I) as claimed in claim 1 in which R^ and R^ is each 
25 hydrogen. 

3. A compound of formula (I) as claimed in claim 1 or 2 in which Z is SO and R^ is 
arylmethyl or heteroarylmethyl 

30 4. A compound as claimed in claim 3 in which R^ is benzyl or furanylmethyl. 

5. A compound as claimed in claim 4 in which R^ includes a carboxy or ester 
substituent 

35 6. A compound as claimed in any one of claims 1 to 5 in which R"* and R^ are both 
hydrogen or R^ is hydrogen and R^ methyl. 



7. A compound as claimed in any one of claims I to 6 in which: 

-25. 
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xMs a direci bond or a group (CH2)xX'^ in which X"* is CH2O. CO. COO, C0NR6 
eONR^CO, or CONHO in which is hydrogen or C(i.5)alkyl. x is 0 (for all except 
X^ =C0O) or an integer from 1 to 6; or 
(ii) X2 is: 
5 (a) a direct bond; 

(b) a group x5(CH2)y in which X5 is CO. CONr6^ cOO. CONR^CO, or CONHO 
in which is hydrogen or C( i-6)alkyl and y is 0 or an integer from 1 to 12; 

(c) a C(i. i2)alkylenc chain optionally interupted by X^; 

(d) a group A-B in which A is a direct bond or x5 and B is a C(i.i2)alkylene chain 
1 0 interupted and/or terminated at the end remote from A by one or more groups M 

selected from O, S(6)n, NR6, alkenc or alkyne in which is hydrogen or 
C(i.6)alkyl and n is 0, 1 or 2. 

8. A compound as claimed in claim 7 in which X^ is CONH or X^ is CONIKCHok 

15 

9. A compound as claimed in any one of claims 1 to 8 in which Y' is C(5.io) alkyl, 
C(3.7)cycloalkyIC(5.7)/alkyl or y2 is pyridyl or pyridyl N-oxide. 

10. A compound as claimed in any one of claims 1 to 9 iiTwhich X^ is: 

20 

p is 1. q is 0 or 5 and is optionally substituted phenyl or naphthyl. 

1 1 . A compound of formula (I) selected from: 

25 N-(6-CycIohexylhcxyl)-(4-benzylthio-2-oxoazetidin- l-yl)acetamide; 
N-(6-Cyclohexylhexyl)-4-bcnzylsulphinyl-2-oxoazeadin- 1 -ylaceiamide 
(Diastereoisomer I); 

N-(6-Cyclohexylhexyl)-(4-bcnzylsulphinyl-2-oxoazetidin-l-yl)acetamide 
(Diastereoisomer 2); 

30 N-(6-Cyclohexylhexyl)-(4-benzyIsulphonyl-2-oxoazctidin- 1 -yDacetamide; 

N-(Nonyl)-(4-benzylihio-2-oxoa2etidin- 1 -yDacetamide; 

N-(Nonyl)-(4-benzylsulphinyl-2-oxoa2etidin-l -yDacetamide (Diastereoisomer 1); 

N-(Nonyl)-(4-benzylsul|Ainyl-2-oxoa2eiidin-l -yDacetamide (Diastereoisomer 2); 

N-(NonylH4-benzylsu]phonyl-2-oxoazetidin-l-yl)acetaroide; 
35 N-(6-(4-Pyridyl)hexyI)-4-benzylihio-2-oxoa2etidin-l-ylacetamide; 

N-(6-(4-PyridyI)hexyl)-4-bcn2ylsulphinyl-2-oxoazetldin-l-ylacetamidc (Dia 1); 

N-(6-(4-PyridyDhexyl)-4-benzylsulphinyl-2-oxoazetidin- 1-ylacetamide (Dia 2); 

N-(6-(4-Pyridyl)hexyl)-4-bcnzylsulphonyl-2-oxoa2etidin- 1 -ylacetamidc; 

N-(6-(4-PyridyDhexyO-4-bcnzylsulphonyl-2-oxoazetidin- 1 -ylacetamide N- 
40 (pyridyl)oxide; 

N-(6-(2-PyridyDhexyl)-4-benzylthio-2-oxoa2etidin-l-ylacetaraide; 
N-(6-(2-PyridyDhexyl)-4-bcnzylsulphinyl-2-oxoa2etidin-l-ylacetamide 
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(Dia 1); 

N-(6-(2-Pyridyl)hexylH-benzylsulphinyl-2-oxoa2etidin- 1 -ylacetamide 
(Dia 2); 

N-(6-(2-PyridyI)hexylM-ben2ylsuIphonyl-2-oxoa2etidin- 1 -ylaceiamide; 
5 N-{6-{2-PyridyI)hexyI)-4-benzylsulphonyl-2-oxoazeiidin- 1 -ylacetamide N- 
(pyridyl)oxide; 

l-(4-(5-Phenylpentyl)thiazol-2-ylmethylH-ben2yldiio-2-oxoa2eu^^ 
l-(4-(5-Phenylpentyl)ihiazol-2-ylmeihy]M-benzylsulphin^ 
l-(4-(5-Phenylpeniyl)thia2ol-2-ylmethylM-beiizyIsulphonyl-^ 
10 4-Meihylihio- 1 '((5-phenyIoxazol-2-yl)meihyl)azeiidin-2-one; 

4-MeihylsulfinyM-{(5-phenyioxazol-2-yl)raeihyl)a2etidin-2-one; and 
4-Methylsulfinyl- 1 -((5-phenyloxa2ol-2-yl)raethyl)azeudin-2-one; 

12. A pharmaceutical composition comprising a compound of formula (I) and a 
15 pharmaceutically acceptable carrier 

13. A compound of formula (I) for use in therapy. 

14. The use of a compound of formula (I) as defined in claim I in the manufacture of 
20 a medicament for treating atherosclerosis. 

15. The use of a compound of formula (I) as defined in claim 1 in the manufacture of 
a medicament for u^eating diabetes, hypertension, angina pectoris, after ischaemia, 
reperfusion, rheumatoid arthritis, stroke, myocardial infarction, reperfusion injury, 

25 sepsis, and acute and chronic inflammation, inflammatory conditions of the brain 
such as Alzheimer's Disease, neuropsychiatric disorders such as schizophrenia, and 
psoriasis. 

16. A method of u^ating a disease state associated with activity of the enzyme 
30 Lp-PLA2 which method involves treating a patient in need thereof with a 

therapeutically effective amount of an inhibitor of the enzyme. 

17. A method as claimed in claim 15 in which the disease state is associated with: 
(a) the increased involvement of monocytes, macrophages or lymphocytes; 

35 (b) the formation of lysophpsphatidylcholine and oxidised free fatty acids; 

(c) lipid peroxidation in conjunction with Lp PLA2 activity; or 

(d) endothelial dysfunction. 

18. A process for preparing a compound of formula (I) as defined in claim 1 which 
40 comprises treating an azetidone of formula (II): 
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O 



N, 



H 



in which: 

r1, r2, r3, and Z are as hereinbefore defined; 
5 with an alkylating agent of the formula (in): 

r7r0 

in which R^ is a suitable leaving group such as halogen or triflate; and 
10 R^is as hereinbefore defined; 
under alkylating conditions. 



(n) 



m 
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